Historic, archived document 



Do not assume content reflects current 
scientific knowledge, policies, or practices. 




GREEN 
MANURING 



QREEN MANURING means turning undo, suit- 
able crops to enrich the soil. Such crops may 
be turned under green or when ripe. 

Green manuring adds organic matter and, directly 
or indirectly, nitrogen to the soil. 

Leguminous crops are most desirable for green 
manuring, since they add to the soil nitrogen «, h - 

Besides the nitrogen in the legumes turned under 
o» additional supply of nitrogen is fixed in the soil 
by the action of bacteria, using the carbon in the 
organic matter as a source of energy. 

Turning under an entire crop is advised only 
whentl.soil is poor and for the purpose of starting 

Turning under catch crops or winter-grown green 
crops is an economical and successful method of 
supplying nitrogen. 
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DEFINITION OF " GREEN MANURING." 

"pREEN MANUHING " means the turning under of green plant* 
V-* for the enrichment of the soil (see title-page). Taken broadlv. 
this would mean the turning under of wcedsor the aftermath of a grass 
or clover crop, as well as a crop especially grown for turning under. 
C ommonly, however, the term is used in a narrower sense and is 
applied to the turning under of a green crop grown especially for 
the purpose; or if not grown especially, at least used in that way 
rather than put to some other possible use, i.s when the second crop 
of clover is turned under instead of being cut for hay or for seed. 
\\ith perhaps minor modification, the same processes are involved 
and the same results are attained whether the plant material is 
turned under dry or green. 

Cover crops frequently serve also as green-manure crops. How- 
ever, when a cowpca cover crop is allowed to remain until spring and 
the dead vines are then worked into the soil, this operation can 
scarcely be spoken of as green manuring, but is more nearly like 
turning under crop residues. 

"Green manuring;' therefore, as used in this bulletin means the 
turning under of any crop, while green or soon after ripening, for 
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the purpose of soil improvement. While the turning under of crop 
residues serves to incorporate organic matter with the soil in the 
same way that green manuring does, economically the practice is very 
different. In green manuring, crops are turned under that might 
have been used for other purposes, while crop residues are commonly 
waste materials. 

Green manuring is one of the oldest methods used to maintain or 
to increase the productivity of the soil. Green-manure crops were 
employed by the ancients, the Romans using lupines, which were 
sown in September and turned under in May for the benefit of the 
following crop. In Germany the use of lupines began in the middle 
of the nineteenth century and has proved an important factor in re- 
claiming the sandy lands of parts of Prussia. 

In England both legumes and various crucifers are commonly used; 
in India and Japan the farmers gather green plants of many kinds, 
sometimes even cutting twigs from the trees and carrying this mate- 
rial to their rice fields; in China green plant material is usually com- 
posted and then used, but it is also sometimes turned under in place. 

In the United States the use of special green-manure crops is much 
more general in the South than in the North. In the semiarid regions 
under dry farming green manures are not used, for reasons that will 
be made clear later, but under irrigation green manures play an im- 
portant part in orchard culture in several Western States. 

EFFECTS OF GREEN MANURING. 

When a green-manure crop is turned under, the various fertilizing 
elements that have gone into the making of the crop are returned to 
the soil, and a quantity of organic matter not before in the soil is 
added. This organic matter serves as food for microorganisms and 
also improves the physical condition of the soil. 

PHYSICAL EFFECTS. 

Organic matter affects both the texture and the moisture-holding 
capacity of soils. Heavy clays are lightened and made mere porous 
and sandy soils are enabled to hold moisture better. For the best 
growth of the roots of most crop plants both air and moisture are 
needed. When a stiff soil dries and becomes hard the air is excluded 
and the roots are likely to suffer not only from lack of moisture 
but from lack of air. 

Clay soil containing organic matter is more friable than similar 
soil without organic matter. Where soil from which the organic 
matter had been extracted was allowed to freeze and thaw it re- 
mained compact and did not crumble. AVhen the organic matter 
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previously dissolved out of this soil whs returned to it, the soil crum- 
bled after freezing, the same ns the original soil. 

Some crop plants, as alsike clover and rice, thrive in a water- 
soaked soil, and wheat has been successfully matured in sealed pots 
from which air was excluded. In general, however, experience has 
amply shown that most crop plnnts do better when the soil in which 
they grow is in good tilth. This condition of good tilth is facilitated 
by organic matter. 

Not only do the higher plants grow better in a soil rich in organic 
matter, but the activities of the soil bacteria are largely dependent 
on the supply of decaying vegetable matter. These bacteria need 
food and sir. Their food is the dead vegetable matter, which they 
break down and thus make available to the higher* plants. Most 
beneficial baeterin use air, and this they find more abundantly in a 
soil supplied with organic matter than in stiff clays poor in organic 
matter. In sandy soils there is air enough, b'nt the addition of 
humus helps to hold moisture and so benefits the bacteria as well a* 
the higher plants. 

It has been shown that while 100 pounds of sand can hold only 
2f. pounds of water and 100 pounds of clay SO pounds, the same 
weight of humus or decaying organic matter will hold 100 pounds. 
A good physical condition of the soil, therefore, largely depends on 
the organic matter in the soil. 

CHEMICAL EFFECTS. 

The soil in which plants grow must not be thought of as a layer 
of dead matter in which the plant roots are fastened and from which 
they draw such substances as they need for growth, but rather as a 
very busy chemical nnd biological laboratory. 

Besides the elements that plants need, there are many other sub- 
stances in soils, and changes are constantly going on which make 
the needed elements more or less solnble. Sometimes these processes 
develop harmful substances, which in turn may be made inert by 
other reactions. These interactions would take place to some ex- 
tent if there were no microscopic plants or animals in the soil, but 
as n matter of fact every reasonably good soil is full of bacteria, 
molds, and minute animal forms. These cause changes that affect 
crop plants, usually beneficially, sometimes harmfully. Of all these 
organisms, certain species of bacteria arc the ones most useful to 
crops, and these bacteria live, multiply, and work best when there is 
plenty of organic matter and enough air and moisture. This organic 
matter may be supplied by stable manure, by crop residues, or by 
■green manures. 
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Green plants turned under must decay before they can lie com- 
pletely used by the next crop. Decay is brought about mainly by 
bacteria and fungi, and the process is somewhat complex. Eventu- 
ally, however, the mineral substances are set five, and it is an im- 
portant fact that the phosphorus and potassium derived from de- 
cayed plants are more readily available for the next crop than are 
these substances when derived from mineral soil particles. 

The proportions of mineral ash materials in crop plants vary, 
but arc in no case large. Since the quantities present in the grcen- 
manure crop are only those previously taken from the soil, the turning 
under of green manures must not be expected to take the place of 
desirable additions of phosphate, potash, sulphur, or lime. In the 
decay of plant tissues acids are produced, and the.se. acting on the 
soil render parts of the miiveral foods soluble. 

NITROGEN SUPPLY. 

One of the most important functions, if not the most important 
function of organic matter in the soil, is to keep up the nitrogen sup- 
ply. Fortunately, an inexhaustable supply of nitrogen exists in the 
atmosphere. The higher plants, however, can not use directly the 
nncombinccl nitrogen of the air. 

There are three ways in which the available nitrogen in an}' particu- 
lar soil ma} 7 be increased by the aid of microorganisms which, when 
carbon is supplied, are able to take the nitrogen from the air or to 
change organic nitrogen to nitrates. It is probable that at least two 
of these processes are constantly in operation in all soils whenever 
temperature and moisture conditions permit. The enormous numbers 
of these microorganisms make possible a very considerable deposit of 
nitrates. The three processes referred to may be stated as follows : 

(1) (irowth of the nodule bacteria in (lie roots of most living leguminous 
plants. 

(2) Annnonilicntion and nitrification of organic nitrogen contained 1 in the 
soil. This process is performed liy different groups of bacteria, and the result 
is the formation of nitrates which can he used by crop plants. 

(3) Growth of free-living nitrogen fixers. Various bacteria and mollis living 
in the soil can take nitrogen direct from (ho air, provided they have such ma- 
terials as starch or cellulose for food. 

HOW LEGUMES GET NITROGEN FROM THE AIR. 

It was known even in ancient times that much larger crops of 
various kinds could be produced on land that bad been in a legume 
the previous season. In modern agriculture the value of legumes is 
generally appreciated, as is seen in the common practice of growing 
clover or some other legume in rotation at frequent intervals. 
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An examination of the roots of leguminous plants will reveal on 
many of tliem nodules, sometimes very few. >ometimes many. (1* igs. 
1 and '2.) These vary in si/.e ami shape aeeordmg to the kind of plant. 
Thus, on ml elover (lif.'. •_') 1 1 ley are more or less round or ovoid and 




„- I0 1 -noot MM,™ of a »ivl-n ,.lnn ( . «b«wli« II.- «hi.-l. ..H**. » 

pntlii'i'lnj: lnl>oiiil(irii*. 

unite small: on the eowpea they are also round and nearly smooth 
but mmh larger: on the. velvet Lean they may read, the size of » 
pigeon's ogg; on the vetel.es they are irregular both in shape and sr/.e. 
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The differences in the nodules are sueh that in many cases it is pos- 
sible to determine by the nodules the plant to which the root belongs. 

When leguminous plants have these nodules on the roots they can 
make use of the free nitrogen of the air; when they do not have 
these nodules they are powerless to do this, but must obtain their 
supply of nitrogen from the soil in the same manner as most other 
plants. These nodules are caused by a certain kind of bacteria and 

it is really by these 
baeteria that the ni- 
trogen of the air is 
absorbed so that it 
can be used by the 
clovers or by other 
legumes. The bae- 
teria obtain their 
principal nourish- 
ment from the le- 
gume, while in turn 
they provide nitro- 
gen from the, air 
which can be used 
by the host plant. 
When legumes are 
grown in rich soil 
they can take the 
nitrogen from the 
soil and thrive with- 
out having nodules 
on the roots. In 
poor soils, however, 
especially in sueh as 
have little organic 
matter, the growth 
of the legume is 
inueh reduced when 
nodules are not present. (Fig. 3.) In such soils it is always neces- 
sary before seeding a legume to make sure that the proper bacteria 
are present. 

SOIL INOCULATION. 

Nearly every legume has its own partieular strain of nodule bac- 
teria. For example, that of elover is different from that of alfalfa, 
and that of the cowpea is distinct from that of the soy bean. In 
planting a leguminous crop for the first time it will often happen 
that no nodules will form on the roots, because the proper baeteria 
are not present in the soil. These may be supplied by scattering 




Fig. 2. — Roots of red clover, showing nitrogen- 
gathering noduleK. 
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soil from a field where the crop it is desired to sow has heen grown 
recently or hy using an nrtilicinl culture of the proper bacteria. 




i,-,r •! sw«-l cIov.t grown on poor l.n.1. The MMf> «t tt* Ml m»<^mU pfcnt* 
t^T«xrc >noZlu«, .hat .t ft. r%»« from »,l1«c,n. fend w« not >noeu>n,.,l. 

(Fie 4 ) After the field is once thoroughly inocuhited there is 
rarely any difficulty in getting un abundant supply of root nodules. 
78690°— 21 2 



10 



Farmers' Bulletin 1250. 



A strain of bacteria will often inoculate different closely related 
legumes. Thus alfalfa, bur-clover, and sweet-clover nodules are pro- 
duced by the same strain; a different strain inoculates most of the 
vetches, as well as the field and garden peas; still another strain is 
apparently used in common by red, white, alsike, and crimson 
clovers. 

There is a marked variation among different legumes, both in the 
extent to which they are naturally noduled and in the ease with 

which different ones 
may be artifically in- 
oculated. Natural 
inoculation presup- 
poses the existence of 
the proper germs in 
the soil, and these are 
nearly always present 
over areas where a 
particular legume has 
been generally grown. 
Thus, red clover is 
practically always 
naturally inoculated 
in the northeastern 
and cowpeas in the 
southeastern quarter 
of the United States. 
Alfalfa is naturally 
inoculated, as a rule, 
in the West, while in 
the East artificial in- 
oculation is usually 
necessary. 

Artificial inocula- 
tion is usually accom- 
plished with case as regards cowpeas, the true clovers, vetches, field 
peas, and most other legumes; soy beans, however, frequently give 
negative results. Sweet clover is much more readily inoculated than 
alfalfa, though both use the same strain of bacteria. The presence 
of nodules is the evidence of successful inoculation; when nodules 
are not formed inoculation is unsuccessful and no benefit will result. 

HOW MUCH NITROGEN DO LEGUMES ADD TO THE SOIL? 

Attempts have been made to determine the quantities of nitrogen 
fixed by the action of the nodule bacteria, but no method has yet been 
found that will give more than an approximately correct answer. 




Via. 4. — Mixing seed with an artificial culture of the 
proper germs to insure soil Inoculation. 
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Analyses lmve been made of the quantities of nitrogen in various 
leguminous crops, both tops and root*, but the total nitrogen thus 
obtained includes some tlnit wns tnken directly from the soil. Deter- 
minations have been made of the total nitropen in soils before and 
after growing a leguminous crop, but the result represents merely 
the net difference between gain and loss resulting from the interplay 
of a number of factors, and even the net gain can not be safely 
credited to the legume alone. Lastly, certain legumes have been 
grown with and without inoculation and the difference in the quanti- 
ties of .nitrogen in the crops determined. 

The Michigan Agricultural Experiment Station grew soy beans, 
inoculating the soil on one field and leaving another uninoculated. 
Samples taken and analyzed showed that about two-thirds of the 
total nitrogen was taken from the soil and one-third from the air. 
The Illinois Agricultural Experiment Station grew nlfnlfa. both in 
pots and in field plats, some inoculated, others not. On the inocu- 
lated plats the alfalfa in the crops for a season contained nearly 
1G0 pounds more nitrogen per acre than the crop from the unin- 
oenlated plats. 

At the Central Experimental Farm at Ottawa experiments were 
conducted with red clover by growing this crop year after year on 
speciallv prepared plats of sandy soil with a known nitrogen con- 
tent All the clover grown was turned back to the soil during nine 
years At the end of this time the soil contained 47ii pounds of nitro- 
gen per acre more than at the beginning. As a result of a similar 
experiment carried on bv the New Jersey Agricultural Experiment 
Station the conclusion seems warranted that in this case the legumes 
took from the air and made available to the grain crops at least 51 
pounds of nitrogen per acre each year. 

The Uhode Island Agricultural Experiment Station found that 
after growing legumes in pots for five years, removing the above- 
cround portions of the summer crops but turning under the hairy 
vetch "rown in winter, there was a gain at the rate of a ton of nitrogen 
per acre, seven-tenths of which was removed in the crops. Many more 
examples might be given. 

On the other hand, workers in Kansas and m >N iseonsin concluded 
tint alfalfa took more nitrogen from the soil than from the air ami 
that when the hay was removal there was a loss of nitrogen. In 
eencrnl, however,** has been accepted as an approximation to the 
truth that legumes get about two-thirds of their nitrogen from the 
air and one-third from the soil. If these crops arc turned under, 
the soil will be richer in nitrogen: if they are removed, there wil \n 
in general little or no change in the nitrogen content of the soil so 
far as this is influenced by the fixation of nitrogen m the nodules 
and by the removal of the crop. 
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AMMONIFI CATION AND NITRIFICATION. 

When plants are turned into the soil certain microorganisms at 
once cause them to decay. Decay consists essentially in the breaking 
down of the complex organic compounds into simpler ones. To 
change organic nitrogen into nitrates requires the cooperation of 
three distinct organisms, all living together and all commonly work- 
ing together so harmoniously that one step follows another without 
interruption. The first set of organisms breaks down the organic 
nitrogen compounds into ammonia, and under favorable conditions, 
as in a manure heap, this process may go on so rapidly that ammonia 
gas passes into the atmosphere and may be detected by the odor. In 
the decay of green plant material in the soil, however, the ammonia 
is used by another organism as fast as it is produced or it is absorbed 
by the soil. The ammonia, in the form of ammonium carbonate, is 




Fio. 5. — The nitrogen cycle. The nitrogen that legume bacteria and other nitrogen fixers 
take irom the air Is made available to corn through changes that take place In 
the soil. 



used by nitrite-producing organisms to form nitrous acid, from which 
nitrites are formed ; nitrous acid is a poison to higher plants. There 
is, however, another germ which uses this product so rapidly that it 
is difficult to find any of the poisonous product in the soil. This last 
germ changes the nitrites into nitric acid, which, by combining with 
a base, produces a nitrate. In this form the nitrogen can be utilized 
by the higher plants. 

Figure 5 shows diagrammatically the processes of the nitrogen 
cycle. It should be distinctly understood that each change is due 
to the activity of one or more kinds of bacteria or microorganisms. 

NITROGEN-FIXING ORGANISMS. 

Besides the nodule germs and the ammonifying and nitrifying 
germs there are other organisms, bacteria and fungi, living free in the 
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soil which have the power to fix atmospheric nitrogen. The organism 
of this class most commonly mentioned is called Azotobacter, though 
this form is but one of several that seem to have the power of fixing 
in the soil the nitrogen of the air without living in the roots of 
plants. The organisms of the Azotobacter type thrive in the presence 
of oxygen, but another type of nitrogen-fixing germ known as 
Clostridium can fix atmospheric nitrogen only in the absence of 
oxygen. All of these organisms, however, must have a source of car- 
bon%nd the cellulose which makes up the cell walls of plants and 
whatever starch may he in the plants turned under serve as sources 
of carbon, so that the growth and activity of these nitrogen-fixing 
forms is directly dependent upon a liberal supply of organic matter 
in the soil. How much nitrogen the organisms of tins type fix is 

not known, . . 

The Illinois Agricultural Experiment Station has shown that in 
the experiments there conducted Azotobacter fixed 15 pounds of 
nitrogen while using the carbonaceous material in 1512 pounds of 
fresh clover tops or in 5.500 pounds of corn stover. Our knowledge 
of this group is still very imperfect, but it is clear that these or- 
ganisms using the carbon in organic matter for food play a significant 
part in maintaining the nitrogen supply of the soil. 

RATE OF DECOMPOSITION OF GREEN MANURES. 

Very little is known about the exact rak> of decomposition of 
green manures under field conditions, as measured by the produc- 
tion of nitrates. By laboratory experiments it has been found that 
when lcn.mes are turned under fresh considerable quantises of 
nitrate may be produced after 2 to 4 weeks. The maximum produc- 
tion seems" to take place from 4 to 12 weeks after the green ma- 
terial has been placed in the soil under favorable conditions of tm- 
ncratiire and moisture. Dried or cured material is much slower to 
start and lags behind the fresh material in the production of nitrates 
as much as 80 to 100 days. In Delaware it was shown that dried 
'plant material when plowed under in spring might remain in the 
oil practically unchanged until August and so would be of no use o 
the corn crop for tfitt season. However, in warm, moist, sandj sod 
even dead plant material if turned under early and well disked and 
chopped is said to have benefited cantaloupes, tomatoes sweet pota- 
toes and even corn. Fresh clover turned under m M*y talb-. 
shown to provide nitrates for the corn crop that yeor. Ihe rate of 
composition depends, of course, on the character of the so. l and the 
nature of the plants turned under. Legume, decay more rapidly than 
the grains or grasses. In a loose, warm, moist soil decay w,ll be 
more rapid than in a cold, stiff, or dry soil. 
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EFFECT OF LIME ON DECAY AND ON NITRIFICATION. 

Lime generally stimulates decay and nitrification. Many labor- 
atory experiments have shown that the production of nitrates goes 
on most rapidly in well-limed soils. In Pennsylvania, however, it 
was found that there was abundant nitrification in soils with high 
lime requirements. 

Both the caustic form and carbonate promote the well being of the 
soil organisms concerned in the decay of plants. Lime in caustic form, 
however, when applied in large quantities may destroy these bac- 
teria, and it favors the evolution of ammonia to an undue degree. 
Some experiments have shown that when a green-manure crop is 
turned under and burnt lime applied there is an actual loss of 
nitrogen. Lime in the ' carbonate form is useful, since the bacteria 
that change ammonia to nitrites can use only ammonium carbonate. 
When the ammonia is produced, therefore, some form of carbonate 
must be present from which the ammonium carbonate may be formed 
or the second step in nitrification can not take place. The carbon 
dioxid from the decomposition of organic matter probably is an 
effective agent for the formation of ammonium carbonate. On land 
that does not need lime for the growing of clover there will be noth- 
ing to gain by adding lime when the green-manure crop is turned 
under. "When land needs lime the better practice will be to add this at 
a time when it will do most good to the legume crop. 

LOSS OF NITROGEN. 

It is important to know that under certain conditions nitrogen may 
escape from the soil as a gas. This result is brought about principally 
by certain organisms, called denitrifying bacteria, that break up 
nitrogen compounds and permit the nitrogen to escape, usually in 
the form of gaseous nitrogen. While the details of this process are 
imperfectly known, it is clear that large losses are likely to occur 
when abundant decaying matter is present, together with high tem- 
perature and lack of air. Such losses occur particularly in rich 
water-logged lands and in manure heaps. For these reasons it is not 
good practice to endeavor to obtain a large store of nitrogen in the 
soil. beyond the needs of the crops. For the same reason green- 
manure crops should not be used on poorly drained lands. Accord- 
ing to the English authority E. J. Russell, green manures in swamp 
and paddy soils in India, China, and Japan serve as sources of oxygen 
to the rice roots and in this way perform a valuable function. Data 
as to the value of green manures on rice lands in America are wanting. 

Another source of loss is the leaching of nitrates from the soil. 
Under favorable conditions nitrates are constantly being formed, and 
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since thev arc rendilv soluble they are leached out of the soil in.le.ss 
K rowinj/pl*nte are [.resent to absorb them. This fnct, makes it im- 
portant to consider the time for turning under green crops and for 
planting cover or other crops to consume the nitrates that tire to be 
produced. 

COMPOSITION OF GREEN-MANURE CROPS. 

The essential fertilizing substances added t» the soil as nnumrcs 
are nitrogen. phosphorus, and potash. Table 1 gives the proportions 
of these substances in both the tops and roots of several legumes, as 
shown by a number of analyses of each. 

Tahi.e l.-*rMft** ««>'cr<a!» <« 100 powl* of »r V ^ta n cc. 
[Compiled (mm various sourcnu-l 



Plant and part. 



Rod clover: 

Tops 

Do 

Do 

Do 

Roots 

Alfalfa: 

Tops 

Do 

Do 

Roots 

Crimson clover: 

Tops 

Do 

Do 

Roots 

Cowpea: 

Tops 

Do 

Do 

Do.... 
Do.... 
Do.... 
Do.... 



Nitrogen. 



Phosphoric 
acid. 



2.50 
2.07 
1.87 
2.81 
2.74 

2.42 

2.30 
2.19 
2.01 

2.38 
2.05 
1.9.1 
1.50 

2.32 
I.M 
1.59 
1.95 
1.75 
2.23 
2.09 



Potash. 



Plant and part. 



Crliieal (KrUlltlni! substances 
(pounds). 



Nitrogen 



Phosphoric j 



0.72 
.38 
.*» 
.65 
.84 

.58 
.53 
.51 
.43 

1.10 
.40 
.35 
.47 

.51 
.00 
.30 
.52 
.45 
.57 
.58 



1.40 

2.20 
1.H0 
3.10 

.ft 

1.42 
1.40 

1.08 
.48 

1.M 
1.S1 
1.17 
1.02 

2.92 
1.29 
1.53 
1.47 
1.27 
2.00 
3.04 



Cow poa— Cont'd. 

Hoots , 

Do 

Do 

Do 

Poy lwan: 

Tops 

Do 

Do 

Do 

Do 

Do 

Do 

Roots 

Do 

Do , 

Velvet boan 

Common vetch: | 

Tops J 

Do 

Do J 

Roots .1 

R»I» ••••••• 

live liny I 

Timothy ! 



1.19 

.08 
1.40 
1.40 

2.00 
2. .12 
2.97 
2. CO 

2.01 
1.75 
.81 
1.22 
1.11 
2.51 

3.53 
3,18 
2.27 
2.19 
3.02 
1.07 
.99 



0.07 
.04 
.10 
.73 

.80 
.67 
.55 
.05 
.57 
.05 
.40 
.30 
.32 
.35 

.m 

.74 
.77 
02 
79 
1.20 
.50 
.31 



1.94 
1.10 
.77 
• .70 

1.20 

l.OH 
1,98 
2.23 
1.70 
Z17 
1.32 
.90 
.24 
.87 
3.84 

2.50 

1.97 
1.18 

l'.TO 
1.30 



It has been found that all plants vary widely in the relatm 
It has been i tain> The snme plant varies 

quantity of these m^mls u J <H1 tlic same 

^ K ^ the variation in legumes as 

Regards phospLrus and potash is nearly as gn.it ii any one legume 
as it is between different legumes. 

SHOULD GREEN CROPS BE TURNED UNDER, FED, OR 
an SOLD? 
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sell it as hay. No specifie answer can be given, as in every ease 
many local factors will be involved. (Fig. G.) 

Theoretically, there is no doubt that the returns will be greater 
when crops ean be advantageously fed to animals and the manure 
used on the farm than when the crop in question is turned under, 
but the theoretically ideal conditions seldom oeeur. While it is true 
that mature horses may void nearly or quite all of the fertilizer sub- 
stances contained in the feed and milk cows 75 to 80 per cent, it is 
also true that the greater part of this is usually wasted before reach- 




Fig. (J. — Hairy vetch and rye, tlic best green-manure crop lor the North. Is it worth 

more than hay? 



ing the land. The maintenance of the organic matter in the soil is 
an important element in the economy of the farm, but probably not 
more than 15 to 30 per cent of the organic matter in a hay crop is 
returned to the soil in the manure. The nitrogen in green-manure 
crops is also more readily available than that in stable manure. 
The readiness with whieh any source of nitrogen supplies this ele- 
ment to plants is called its availability. Lipman rates the availabil- 
ity of the nitrogen from green manure at G5 as against 25 for stable 
manure. Wheeler rates nitrate of soda at 100, green manure at 70, 
and stable manure at 45. 
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Owing to the wide variations in the quality of stable manure and 
in the composition and quantity of green manures that may be pro- 
duced per acre, as well ns the cost of commercial fertilizers, a detailed 
discussion based on hypothetical cases would have little value It 
nniv be suggested, however, that the question of the prodts from 
feeding live stock must rest on the returns from Unit industry and 
not onU.e value of the manure. The benefits from U.rn.n* under a 
green crop will certainly be greater than if the manure made, from 
this crop alone is returned to the soil. 

The relative values of a crop when sold or when turned under 
can be expressed somewhat more definitely, though in tins case also 
economic considerations wholly apart from the value of the crop as 
-neen manure or as hav will doubtless control. As shown in 1 able I, 
plants contain certain quantities of nitrogen, phosphoric acid, and 
potash. The proportions vary in diiTerent crops ami even in the 
same crop, but it is not difficult to determine u general Ac- 
cording to the average of the figures in Table 1, 4, pounds of nitro- 
gen. lf.0 pounds of phosphoric acid, and 42.8 pounds of potash are 
Taken from the farm when a to., of red clover hay >■ *>W. IW 
substances have a market v alue for which a fanner has to pay . he 
buys then, in co.nn.ereial fertilisers. '1 he greater part of « gr en- 
manure crop, however, consists of organic mutter. 1 Ins organ.c i,.at- 
Z has a value both from its influence' on the pl.ys.cal cond.tion of 
Z soil and as a food for microorganisms which will, while consum- 
ing it. fix atmospheric nitrogen. 

The entire argument may be summed up ns follows: W here a forage 
crop can he grazed or advantageously fed and the manure returned 
to he land this will he found most profitable. AM.ere msufl.e.ent 
live stock is kept or where the soil is l>oor and m need of organ c 
matt green 1 crop may often be worth more in the long run ,f 
Lned under than if sold. On the other hand, the Georgia Agncu - 
ZZ Experiment Station in a green-manuring experiment w,U, 
ne, s and cotton in 1894 showed that the f.nnnc.al returns for throe 
ye' s w r greater where the cowpea vines were made into hay and 
{, tubble turned under for cotton than where the who h« crop ^ 
turned under. The Georgia station took no account however, of the 
££L yield to be expected from the .end an even he third 
crop after turning under an entire legume crop 1 he Alabama Agr. 
cuUu Experiment Station and the Central E ^ W "^^"Tj 
OHnwa have shown that such later increases may be expeo ed when 
2 1 entir crop is turned under, but not when the stubble only 

"..IT Aether these increases would p., M- -jn ^ 
h . v c ,„p in anv special case can not be estimated here 1 h< lata are 
£ fn.lmentar'y for even general conclusions. It ,s known that the 
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turning under of a green-manure crop may affect the yield of subse- 
quent crops even to the third year, and this fact should have weight 
when the question of selling a legume hay crop or turning it under 
is considered. 

EFFECT OF A GREEN-MANURE CROP ON THE YIELD 
OF A SUBSEQUENT CROP. 

The value of any particular soil treatment must be determined by 
the yields of crops resulting from the treatment. In the United 
States many records show that the turning under of a green-manure 
crop will increase yields, but none of these tests have been made in 
such a way as to make possible a definite answer to the questions 
raised in the preceding section or to throw exact light on the rela- 
tive value of different green-manure crops. Experimental work on 
green manuring has been largely confined to the South, the Atlantic 
seaboard, and to portions of the Pacific coast, with scattering tests 
in other parts of the United States and in Canada. 

In Table II the results of some of the work at the Alabama Agri- 
cultural Experiment Station have been brought together as illus- 
trative of what green manuring will do under the conditions pre- 
vailing in each experiment. It must be added that there are also 
records of the failure of green manures to produce increases in the 
crops that follow them. Such records are most common, from the 
Ohio and Mississippi Valleys and from the West. There is also evi- 
dence to show that certain crops are either injured or benefited by a 
preceding leguminous crop, depending upon the nature of the legume. 
This will be considered further on pages 27-28. 

Table IT. — Effect of green manures on crop yields in Alahama. 



rreccding crop. 



Yields per acre. 



Seed 
cotton. 



Cotton. \ 

Cowpea vines turned under j 

Velvet- bean vines turned under | 

Velvet-bean stubble 

Oat stubble 

Crimson-clover stubble 

Crimson clover (ripe) turned under 
Corn. 



Rye stubble. 



Pound*. 
837 
918 
1,533 
1,373 
1,579 
1,126 
342 
456 
528 



Corn. 



1S.0 
'25.' 9 



Sorghum. 



Pounds. 



13, 440 



9,750 
10,300 



5,525 



The North Carolina Agricultural Experiment Station grew wheat 
in 1888-89 and in 1889-1900 on 14 plats, on 7 of which cowpeas had 
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been turned mule.- and on 7 of which there had been no cow-pens. 
The average yield per acre is shown in Table III. 

tari-f in-Ktrm-t «f <•"»•;»" <*♦<»• "»■«<•" ""' ***** " f in 

\orth Carolina. 



Crop year. 



Yields jut arr«'. 

Without cowjicas 



Willi cow peas, 
nunhjr. ] I'M***- Hushcls. rounds. 



1SSS-S9..., 
18S9-15KX).. 



20 j 



47 

52 



1.. 
6 



M 

9 



Kcd clover has been nsed as n catch crop by the experiment stations 
in Canada and in Minnesota. The results from some of these trials 
ave piven in Table IV. 

Tart.k IV.- YUUI* after ,un,in,j muKr „ caM, m,,* <>f rrf «» <'<""""'• 



Previous crops. 



Ylnlits per acre. 



oats. 



Wheal: 

No clover . . . 

Clover 

Barley: 

No elovcr. . . 

Clover 

Oats: 

No clover. . . 

Clover 



C.3. S3 
72. »4 



(SI. IS 



SX.KS 
70. » 



Votlder ! 
corn. 


Potatoes. 


22.N0 


llvthrl'. 

3SS. 33 

Mi. no 


17. 30 
23.00 


3«t.fi7 
SStt.33 


15.00 

20. w 


35*. 35 
302.67 



That a le-n.me .n-een-.nan.ire crop can replace certain .p.antmes 
of ni'tra'te of soda, has been shown by several experiment statu,,*. 
Table V {lives the result, of a trial in California. 

•1-ahi.k V.- Itrxult* from turning «'"'''<• <* California. 

Yields IMf »<fe. 

Previous crop,. (■«„. I Pot.tocs. ; Bo*.. 



Kv/krlt. ' /fw«W" 



48. « 
3t.d 
<!.(! 



40. (XI 

30.00 
32. (XI 
(XI 
(XI 
(XI 



728 

1(11 
ins 

204 
191 

21 S 



Tim' 



17.0 

12.3 
12.* 
1&.7 
1«.0 
17.7 



On all lopime plats (average) 

B,rl #itfeSt : nltnt* of soda (4 pUU svsragod) 

With 270 pounds of nltra e o soda • 

With 640 pounds of nitrate of soda 

With S10 pounds of nitrate of sooa. 

With 1,0K0 pmmdsof nllrateof soua 
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INFLUENCE OF CRIMSON CLOVER ON 
CORN YIELDS ON A VIRGINIA FARM. 
(FARMER'S BULLETIN 924) 



SYSTEMS 
OF CROPPING 



CORN EVERY THREE 
YEARS AFTER TWO 
YEARS OF WEEDS 

CORN AFTER FIVE 
YEARS OF CORN AND 
CRIMSON CLOVER 
EVERY YEAR 



CORN YIELDS PER ACRE 
IN BUSHELS 



soils from Delaware to the Gulf of Mexico. A case showing the 
results that nay be obtained is reported in Farmers' Bulletin 1121. 
In this instance the soil was made to produce nearly three times as 
much corn every year as it had produced once every third year. 
(Fig. 7.) Under favorable climatic conditions a cultivated crop may 
be grown every year by seeding crimson clover in the standing crop in 
late summer and turning it under the following spring for the next 
crop. 

MOISTURE AND A GREEN-MANURE CROP. 

A growing crop removes moisture from the soil, and this removal 
of moisture may reduce yields. In the South it has been found that 
■ cowpeas grown with corn often reduce the yield of corn for that 

year. This is be- 
lieved to be because 
the moisture is not 
sufficient for both 
the corn and the 
cowpeas. In the 
peach section of 
Michigan a winter 
cover and - green- 
manure crop is 
wanted that will 
make a good growth 
in late August, so as 
to draw the moisture 
away from the trees 
and force the ripen- 
ing of the wood. In 
Nebraska the orchard cover crops recommended are such as are killed 
by the first frost, others, such as rye, taking too much moisture from 
the ground in late winter and early spring. 

In the South, East, and North, green-manure crops are commonly 
turned under at a time when the supply of moisture is ample for 
decay, but if a dry spell should follow the turning under of a heavy 
crop of green matter the soil should be well rolled and compacted to 
prevent drying out. In the semiarid parts of the West and North- 
west moisture is the limiting factor in crop production, and any 
practice that reduces the moisture supply of the main crop is to be 
avoided. The Office of Dry-Land Agriculture Investigations of the 
Bureau of Plant Industry has found that green-manure crops which 
make their growth so as to be turned under late are usually injurious. 
They not only take up the soil moisture while growing but absorb 
large quantities when turned under and leave the soil more porous 
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Flu. 7. — Results of growing crimson clover to 
the corn yield on a larni in Virginia. 



'ncreano 



Green Manuring. 21 

ami exposed to drying than before. If, however, a crop like rye 
can be turned under early, before the close of the rainy season, some 
benefit may accrue, since the green manure will hold the extra inois- 
ture and help prevent the drying of the sod. 

EFFECT OF A GREEN-MANURE CROP ON SOIL ACIDITY. 

It is often said that the turning under of large masses of green 
plant material will sour the soil. In northwestern Ohio some good 
farmers prefer to allow the mammoth or second-crop red ckner to 
become ripe and dry before turning under, claiming that in tins con- 
dition it docs not cause soil acidity. Enough authentic reports arc of 
record to show that the turning under of n heavy green crop n a 
depress the yield of a crop immediately following. It b« t^ *£ 
nested that this may bo due to a temporary decrease in the supply 
of available nitrates. Experiments have shown.tl.at in the presence 
of largo quantities of food material, such as may he found wlun 
masses of succulent plants an. turned under, there »*y 
mous increase in the numbers of bactena, especially the pu refactnc 
These mav then consume the nitrates as ast as produced and 
e x" decrease the available nitrogen in the sod. 
formation on this point is at present limited. 1 he results of ex- 
pcr mental work on the acidity produced by green manures are some- 
E inflicting, but on the whole they tend to show that given 
m , „es do notlncrease soil acidity or, if so that such a cornli ion 
is transitory. When properly turned under there ,s probab y 1 U 
danircr that the quantities of green manure likely to be pluwi 1 
oiiTrms in the United States will exert any lasting *** on increu*- 
ing the lime requirement of soils. . 

FERTILIZING THE GREEN-MANURE CROP. 
The obicct in crowing a grccn-manurc crop is to produce as much 
— Si* to Uir^ndc, On very pwsoils 
h.npens that even the strongest feeders can make but a poor gioww, 
, dWffldy the benefit from the crop is decreased Even cov.- 

of en increases the crop greatly and thus enables the p ant to gather 
1Z nitrogeT The phosphorus and potash that may be m^Uo 
Z Inc H oHhc grccn-manurc crop is not wasted either, as rt will nil 
ho benefit ot the fercc i prcen-manure crop decays. 

WhT^ to* . "TZl^Ml be id will depend on the soil 
]nd on Z cro'but generally 300 to 400 pound, of 10 per cent acid 
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phosphate and 100 pounds of muriate of potasli per acre will be found 
to stimulate the growth of the green manure so as to produce a larger 
crop than could have been grown without the fertilizer. The larger 
crop, if a legume, will gather more nitrogen than a small one could, 
and the soil will receive correspondingly greater benefit. It is also 
good practice to apply stable manure to specially poor spots, so as 
to encourage a good growth and thus bring the field up to a more 
uniform productiveness. 

COVER CROPS. 

A cover crop may be defined as one grown between or among regu- 
lar crops and seeded for the purpose of protecting the soil or tho 
roots from the action of the weather. A cover crop is often a green- 
manure' crop, and the term " cover crop " as often used is exactly 
synonomous with a green-manure crop. Crimson clover, for ex- 
ample, when grown for a winter green-manure crop is also a cover 
crop, and writers often call it such. Its function in such a case is 
twofold : It covers and protects the ground and when turned under 
serves as green manure. Such a crop should be spoken of as a cover 
crop when its primary purpose is to afford protection, and as a green- 
manure crop when its primary purpose is soil improvement. As a 
matter of fact the two ideas can not be sharply separated. A crop 
of cowpeas grown in summer for turning under that season is a 
green manure and not a cover crop, though it protects the ground 
quite as effectively against summer rains as the crimson-clover cover 
crop protects it against Avinter rains. 

A cover crop may be an orchard cover crop or one for open fields 
and may or may not be later used as a green-manure crop. The 
term " orchard cover crop " is easier to define than the general term 
" cover crop," for the primary idea is to benefit the trees by helping 
to ripen the wood and by protecting the roots. It is a crop sown 
among trees after the period of active spring growth has passed 
and turned under the next season before or about the time active 
growth begins. An orchard cover crop is designed to benefit the 
trees and will vary in character not only with the locality but also 
with the kind of trees in the orchard. In the Eastern States an 
orchard cover crop is wanted that will check the growth of trees in 
the fall and ripen the wood, cover the ground during the winter to 
hold snow, to protect the roots from freezing, to prevent leaching, 
and on some soils to help dry out the ground in early spring. For 
the last purpose a live crop is wanted, and if this is later turned 
under it becomes a green-inanure crop. It must be noted, however, 
that many experienced orchardists in the East consider the drying 
of the ground in spring by a live cover crop a danger. It is a 
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necessary evil connected with such cover crops as rye and crimson 
clover and may have serious results if not guarded against. For this 
reason such a crop must be turned under early: rye should not be 
allowed to get more than a foot or so high. In many cases a legume 
is selected for the purpose of adding nitrogen to the soil. Some 
authorities recommend sowing mixtures of a small grain, hairy vetch 
or clover, and rape or cowhorn turnips. The rape or turnips will die 
during the winter, but in spring the grain and the legume can^ be 
turned under as a green-manure crop. It has been recorded in New 
York that clover stimulated the growth of peaches too late and thus 
made them susceptible to winterkilling. The crops used will need to 
be selected to meet the purposes for which they are most wanted. In 
Nebraska an orchard cover crop is never a green-manure crop, since 
crops that remain alive during winter are not wanted. They dry the 
ground too much in spring. 

In the citrus and walnut orchards of California the growing of 
cover crops for green manures has come to be "a general practice. 
Discussing the qualities desired in a green-manure crop in this section, 
McKee (U. S. Department of Agriculture, Bureau of Plant Industry 
Bulletin 190, p. 11) says: 

A green-manure crop should be a legume wherever possible, in order to obtnin 
the addition of nitrogen to the soil. It Is also necessary that a good growth be 
made, in order to have a large quantity of organic matter to turn under and 
incorporate with tiie soil. Along with good growtli should be a heavy develop- 
ment of nodules on the roots, as this is believed to indicate great ability to flx 
atmospheric nitrogen. 

The quality of being able to stand trampling with a minimum of injury Is very 
important where the crop will be subject to such injury, as is the case in citrus 
orchards where the picking of fruit takes place while the green-manure crop is 
yet growing. Uprightness and nontwining steins are also desirable where an ordi- 
nary moldboard plow is depended upon for turning under the crop. However, 
if a disk plow is used or the crop is worked in with an ordinary disk harrow, 
this does not make so much difference, and where the growtii Is not allowed to 
become too rank little difficulty is experienced in plowing it under. 

The texture of the stein should be such as to decompose rendily. Practically 
-ill crops, however, if turned under at the right stage of growth decay readily. 
Thus, the question of decomposition is one of turning under the crop at the right 
time rather than one of selecting a crop that will decay readily. 

That the cost of a green manure may not he too great, it is necessary that the 
price of seed be reasonable as compared with the results to be obtained. 

Some years ago common vetch and field peas were the crops most 
oenerally used, but to-day the yellow annual melilot. or sour clover, 
has largely replaced the peas. The sour clover is not wholly satis- 
factory- but the seed is cheap. The purple vetch will probably become 
the chief green-manure crop in this section as seed becomes more 
abundant and cheaper. 
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The best practice in the East and South at least demands that the 
ground shall he covered with a growing crop as much of the time as 
possible. Catch crops and cover crops are used to occupy the ground 




ammotli clover, an excellent grcon-manure crop. Some farmers prefer to 
turn tins crop under when It Is ripe or after tlie seed Is harvested. 



between main crops. In the South such a crop should, so far as 
possible, be a legume. Crimson clover, bur clover, or hairy vetch 
should be planted in the fall to grow during the winter and be" turned 
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under for the benefit of the next crop. In some parts of the South 
red clover can he used in this way. 

In the potafti-growing section of New .lersey the praeticc of grow- 
ing a cover crop is especially extensive. "Writing of the potato in- 
dustry in New Jersey. Frank App (New .lersey Agricultural Experi- 
ment Station Bulletin 295) says: 

The tinsis and means of nmintainlitg such an Intensive Industry depend to n 
large .^extent on the universal use of cover crops. * * * H Is only through 
this pract'ce that the fanners are able to maintain soil fertllliy. in ninny In- 
slnnces the fertility and acre production upiiear lo he Increasing; rather than 
deereuslng where the cover crops ail* skillfully hiindled. 

Rye and crimson clover, either separately or in mixture, are most 
used, although the use of wheat instead of rye is not uncommon. 
After early potatoes a cover crop may l>e used or the field may be laid 
down for hay. After the main crop a cover crop of clover or rye 
may be seeded, while after the late crop only rye can he used. Ac- 
cording to App, cowpcas arc sometimes seeded on light sandy hind 
after an early potato crop and are later plowed under and followed 
by rye. Alsikc clover has been used «piite successfully in some sec- 
tions of New .lersey: but both alsike clover and mammoth clover, 
since they do not start growth so early, must be allowed to stand later 
in spring than crimson clover. (Fig. 8.) 

In the North, outside the Atlantic coast region, hairy vetch is 
practically the only legume that ean be seeded in the fall and make 
enough growth to turn under in the spring. In Indiana crimson 
clover is successful only under especially favorable conditions, as on 
sandy soil, and it can not be generally recommended as a safe erop 
north of the Ohio River. In Pennsylvania it is reliable only in the 
extreme southeastern part of the State. Hairy vetch and rye (fig. G) 
make a good combination, the hitter making a fair growth in the 
fall and thus preventing the washing of the soil. Buckwheat, rape, 
and cowhorn turnips are highly recommended in some sections, but, 
they can not senve as eover and green-manure crops to be turned 
under in spring, as they will not survive the winter. A mixture of 
half a bushel of seed of wheat or rye, IT) pounds of hairy vetch, and 
0 pounds of crimson clover has liecn successful in New .lersey. A 
summer cover crop is sometimes used to follow an early crop. In 
this case such crops as cowpeas, soy beans, buckwheat, rape, turnips, 
or various combinations may be seeded and turned under for wheat 
or rye in the fall. 

TYPES OF GREEN-MANURE CROPS. 

Grecn-inannre erops may be considered as of four types: 
(1) Those occupying the ground exclusively throughout the summer. This 
type of grcen-munure erop Is naturnlly the most expensive, since no crop can 



2G Farmers' Bulletin 1250. 

be removed from the field that season. A green-manure crop of this sort Is 
seldom to be recommended except where very poor soli must be brought to a 
state of sufficient productivity to allow a regular rotation to be established. 

(2) Subsidiary crops, those seeded with a main crop, such as clovers In 
grain, and turned under In the fall or the following spring. Such crops Involve 
little extra expense besides seed and may even be grazed moderately without 
serious harm. The Central Experimental Farm in Canada showed that such 
crops may be very beneficial. 

(3) Stubble crops, those seeded on grain stubble after harvest for turning 
under In the fall or spring. Cowpeas, soy beans, vetch, buckwheat, rape, tur- 
nips, and such crops are most commonly used In this way. 




Fig. 9,-7-Outlinc map of the United Stntes, showing general green-manure areas. 



(4) Winter cover crops. For this purpose crops must be selected that will 
endure the degree of cold common In the locality. In the South and on the 
Atlantic seaboard, crimson clover and hairy vetch are most commonly used, 
but alsike clover and mammoth clover have also been successful In the northern 
part of this area. Bur clover Is a standard winter legume In the cotton belt. 
Hye and winter oats are also used In the South, especially on soils where It is 
hard to get a good catch of clover. In the North rye or rye and hairy vetch 
are most successful. 
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REGIONAL DISTRIBUTION OF GREEN-MANURE CROPS. 

In a general way grecn-nmnure crops may h» considered with 
reference to their use in the South, the North, on the Middle Atlantic 
seaboard, and in the irrigated orchards of California. 

In tho cotton belt both winter and summer green manures may 
be used. For the former bur clover, crimson clover, nnd vetch are 
well suited; for the latter cowpeas and velvet beans are almost uni- 
versally used, while beggarweed is locally important, especially in 
Florida. The benefits from green manuring have been most strik- 
ing in the South, where yields on rnn-down lands have been greatly 
increased by this means. Figure 9 shows approximately the extent of 
the green-manure sections. It must not be inferred that the crops 
mentioned arc confined to or are tho only ones used in the sections 
named. The map is simply meant to show the sections where these 
crops are the mainstay in the bettering of yields by green manuring. 
In the area which is left white, green manuring is not practiced 
except in an incidental way, as the plowing up of old alfalfa fields. 

On tho middle Atlantic seaboard, crimson clover is the chief green- 
manurc crop; in the North, red clover and alsike clover, although 
not often sown especially for green manure, are used in rotations, 
and the fall and spring growth when turned under adds a consider- 
able quantity of green matter to the soil. Hairy vetch and rye 
also arc used extensively for green manure. In the western part 
of this area sweet clover has of late years become one of the most 
important soil-improving crops. 

In California green manuring is important only in the irrigated- 
orchard sections. Here the seed is planted in the fall, and the crop 
makes its growth during the winter. During tho summer the soil 
is kept cultivated after the green-innnurc crop is turned under. Tho 
crops that have proved best in southern California are all legumes; 
vetch and field peas were in recent years most commonly used, but 
the use of the yellow annual inelilot and vetch has become more 
common. In tho apple and pear orchards of Oregon and Washing- 
ton alfalfa is the commonest green-manure crop, but vetch or red and 
alsike clovers mixed are often used. 

CROPS TO FOLLOW GREEN MANURES. 

The full results of a green manure are obtained only after it is 
completely decayed and the mineral elements changed into solublo 
forms. This requires some time, so that the beneficial results often 
extend over two or more seasons. When a green crop is turned 
under in late spring nitrification may go on so rapidly that in 45 
days maximum nitrification may be reached. 



28 Farmers' Bulletin 1250. 

Generally speaking, cultivated crops nre the best to follow green 
manures. The tillage of such crops hastens the decay of the vege- 
table matter and by aerating the soil favors additional nitrogen 
fixation by the soil bacteria. Corn, cotton, and potatoes on most 
soils derive great benefit when following green manures. liye and 
oats are likewise good crops to use in this way. Wheat and barley 
give varying results, often favorable, but sometimes show no in- 
crease, and occasionally a loss is shown. This is especially true the 
first season following a green-manure crop. 

That the proper succession of crops may be a matter of impor- 
tance has been shown by the Rhode Island Agricultural Experiment 
Station. According to these studies one crop may have a specific 
influence on another, making it undesirable as a preceding crop. 
AVhile these studies have not been carried far enough to enable us 
to draw conclusions, it seems clear that the proper succession of 
crops, especially in intensive farming or in the growing of truck 
crops, should be carefully considered. 

At the United States Department of Agriculture Tobacco Experi- 
ment Farm it has been found that the growth of tobacco is greatly 
inferior after soy beans, but that cowpeas, hairy vetch, and red clover 
are beneficial. Corn is benefited by soy beans. Grass injures to- 
bacco, corn, and potatoes. 

WHEN TO USE GREEN MANURES. 

Green manuring in some form should be part of the regular farm 
practice on most of the farms east of the one hundredth meridian and 
on irrigated land elsewhere. This does not mean that the production 
of regular crops for sale or consumption should be sacrificed, but that 
rotation should be so arranged as to work a green-manure crop of 
some kind between regular crops. Summer green manuring can be 
recommended only on poor soils, the returns from which must be 
temporarily sacrificed in order to improve the land, or on sandy, clay, 
or adobe soils to improve the physical texture. In orchards, too, 
the summer green-manure crop is profitable, as it does not interfere 
with the main or fruit crop and is even beneficial to the trees. At- 
tention has been called to the evidence that green-manure crops will 
increase yields and also to the fact that, so far as any exact observa- 
tions are of record, it would appear that the value of the increased 
yields does not usually equal the forage value of the green-manure 
crop. This fact makes it inadvisable, as a rule, to sacrifice a summer 
crop for green manure. Green-manuring crops should, however, be 
grown as catch crops, seeded with or after a grain crop or after 
potatoes or other crops that can be harvested in time for seeding. 
If a legume can not be seeded early enough, rye should be used, or a 
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legume like sweet clover on suitable land may be seeded with grain in 
the spring and turned under for corn the following spring; this prac- 
tice is very successful in Illinois. The annual white sweet clover may 
be used and turned under in the fall. Red clover might be used in the 
same way, but the growth to be turned under will not be as heavy ns 
for sweet clover, and the stand, if obtained, is likely to be more 
valunblc in the regnlnr rotation ; in fact, on good soil where the rota- 
tion includes clover every third year the need of a green-mnnure crop 
will not be so often felt. This is especially true where such land is 
kept in good shape by the addition of lime or phosphates, where, 
these are needed. By this means the legume crop is stimulated to a 
better growth, the root development is better, and more stubble and 
crop residues nre left to furnish organic matter. About one-third 




Via 10 — l'ots of plants, sliowlnis the effect of cotton seed Immediately after 

turning under a grecn-manuro crop. In pots C to J of both rows green manure was 
turned under ; Reed was placed In the soli of Uio upper row at once. In the lower row 
after two weeks. 

of the weight of the red-clover plant and about hnlf of that of alfalfa 
is in the root, so that when these plants or sweet clover are used in 
the rotation the income from the land need not be sacrificed for the 
sake of growing a green-manure crop. 

The use of green manures in dry farming in semiarid regions is as 
a rule impracticable, as with insufficient moisture vegetable matter 
decays very slowly. The soil is thus filled with nir spaces and loses 
much water by evaporation. 

WHEN AND HOW TO TURN UNDER A GREEN-MANURE 

CROP. 

Though no definite dates can be given for the turning under of a 
green-manure crop, certain general considerations wHl govern. To 
be useful to the next crop a green crop must decay, and for thus, 
moisture is essential. In the process of decay certain substances arc 
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produced and it has been found that during the early stages of 
decay the effects on seed planted too soon after the green crop is 
turned under may be injurious. Figure 10 shows the effect on the 
germination of cotton seed when planted as soon as the green manure 
has become mixed with the soil. Pots A and 13 had no green ma- 
nure; C and D had green manure at the rate of about 2,500 pounds 
per acre; E and F, 5,000 pounds; G and H, 10,000 pounds; and 
I and J, 20,000 pounds of green manure per acre. The seeds in 
the upper row of pots were planted at once. Note that where only 
5,000 pounds per acre were turned under the germination was re- 
duced, and where 10.000 pounds were used, which is only a small 




J''IG. 11— Plowing under a crop of crimson clover. This crop should have been turued under 
nt least two weeks earlier for the best results with cotton. (See also fig. 10.) 



green-manure crop, the stand was nearly a failure. In the lower 
row of pots the treatments were the same as in those of the upper 
row, but the seed was planted two weeks after the green manure 
was turned under. 

A green-manure crop, therefore, should be turned under at least 
two w r eeks before the next crop is planted. This depends, of course, 
on the quantity of green stuff plowed under and on the crop to fol- 
low; cotton seedlings, for example, are more sensitive to injurious 
substances than corn seedlings. (Fig. 11.) 

Although the time when a given crop must be plowed under may 
depend largely on other considerations than the maturity of the 
green-manure crop, the fact that such a crop may increase greatly 
in value during the later stages of growth should not be overlooked. 
The Delaware Agricultural Experiment Station showed that the 
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guin in nitrogen made by a crop of erimson clover during the month 
before full bloom depended on the thickness of the stand and the 
richness of the soil in nitrntes. The plants of n thin stand on poor 
soil ncqnired the larger part of their nitrogen during; this month 
and should therefore be allowed to stand as long as possible, while 
those of a thick stand, especially on soil thnt had frequently grown 
clover and was consequently well supplied with nitrates, increased 
little in nitrogen during this time and miglrt as well lnive Ihhmi 
turned under early. In orchard work in Delaware. Maryland, and 
adjacent States, crimson clover will necessarily have to be turned 
under before the 
maximum quantity 
of nitrogen has been 
gathered. If left 
after the flower buds 
appear it takes mois- 
ture from the soil 
and trees, so that the 
land becomes un- 
necessarily expensive 
to plow, and decay 
processes are also 
pushed too far for- 
ward in the season 
for maximum twig 
and fruit growth. 

The effect which 
the time of turning 
under a green crop may have on the loss of nitrogen should be con- 
sidered. "When a green crop is turned under in the fall for corn the 
following year there may be some loss of nitrogen in the, late spring 
before corn is planted. However, labor considerations also will help 
to govern this matter. In some parts of the corn belt fanners prefer 
to plow in the fall, because the land is cold and wet in the spring and 
fall plowing ensibles them to rednee the rush of spring work and to 
get the land ready earlier. On light land, plowing under a green 
crop in the spring geiierdly gives the best results, while on heavy 
land fall plowing is often best. In the South the best rule is to turn 
under the green crop two weeks or a month before the next crop is to 
be planted° If the land washes and a winter crop ean not be planted, 
it is better to leave the green crop on the ground than to leave the 
ground bare. 

The turning under of this green matter also interrupts the capil- 
larity of the soil, especially if the furrow slice is laid flat. In plow- 
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Section of plowed land, nhowlnc the correct 
liroporllonK and poxltlon of the furrow ullce it* left 
by a molclbonrd plow The effect of the Jointer In 
lumlnit under llie edite of lhe furrow slice an wHI «« 
(lie iKiKltlon of turned-under vegetation 1» apparent. 
Do not turn (he furrow Kllce fiat; leave II on edge. 
(From 1-yon and Klppln.) 
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ing, therefore, the furrow slice should be hud slanting; an angle of 
30° to 40° is recommended. (Fig. 12.) The soil should also be thor- 
oughly rolled, so as to compact it about the mass of plant matter as 
much as possible. This will hasten decay and prevent the drying out 
of the soil. The compacting may be done best with a disk harrow, 
which will at the same time cut up the surface and prepare the seed 
bed. A corrugated roller is also an excellent tool. (Fig. 13.) 

When the green crop is heavy it may be cut up by disking twice, 
the second time at right angles to the first, before plowing. A diffi- 
culty that may be encountered, however, is the piling up of the loose 
material in front of the plow. Some farmers have found it a good 




fit. 13. — Packing the ground after turning under a green-manure crop. 



plan to run a planker over the green-manure crop, so as to lay it flat 
in the direction the plow is to be run. A chain or a No. 9 wire may 
also be attached to the back of the plow beam and to one end of the 
wMffletree, so as to turn the mass into the furrow. 

THE CHOICE OF A GREEN-MANURE CROP. 

Whenever a green-manure crop is to be used, preference should be 
given to a legume if it is available, because such a crop will add 
materially to the nitrogen content of the soil. Where there is a 
choice between two or more legumes the question arises as to which 
is to be preferred. Among the important points that determine the 
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value of a leguminous crop nre (1) its value as forage, both in 
quantity and quality either as hay or pasture, and (ti) its ability to 
supply additional nitrogen. Other points that deserve consideration 
are the cost of the seed, the ease of plowing under the crop, the deop- 
rootedncss of the plants, and their ability to choke out weeds. 

When the whole crop is plowed under, the effect on the subsequent 
crops is determined mainly by three factors — namely, the quantity 
of humus formed, which is directly measured by the tonnage of the 
crop, the physical changes brought about in the soil, nnd the quantity 
of nitrogen taken from the air and added to the soil. Some authori- 
ties contend that the value of a green-manure crop depends almost 
wholly on the qnnntities of plant foods, especially nitrogen, that 
will be liberated by the decay of the plants. There nre many data, 
however, which, though but little understood at present, seem to 
show that other factors play an important part. These little-known 
factors appear to be connected with the production of humus and 
the chemical changes associated with this process. That the produc- 
tion of nitrate is one very important result of green immuring is 
certain, and it is equally true that legumes will increase the nitrate 
content of soils more rapidly than will nonlegumes. The effect of 
various legumes depends, however, not wholly on the nitrogen con- 
tent, but is in an unknown way specific, as has been ]>ointed out. 
Much is still to be learned, nnd so far the value of different green 
manures has been determined wholly or mainly by the influence they 
have on the succeeding crop or crops. 

Green manures nre of value in checking certain chlorotic diseases 
in orchards, and they are said to influence the quality of the fruit. 
How these effects are produced we do not know. In India the 
turning under of green manures just before planting the field to 
indigo is said to have made the plants more susceptible to insect 
attarks. From a practicnl standpoint, we know that green manures 
are generally beneficial, but we know very little about the processes 
through which this influence is exerted. 

THE PRINCIPAL LEGUMINOUS GREEN-MANURE CROPS. 

There nre in the United States 14 leguminous field crops that are 
more or less extensively grown. In the approximate order of their 
importance these are: Red clover, alfalfa, alsike clover, sweet clover, 
cowpeas, peanuts, soy beans, velvet beans, crimson clover, field peas, 
vetch, Japan clover, bur clover, and white clover. A few more, 
such as beggarweed, grass peas, fenugreek, and horse beans, nre culti- 
vated to a less extent or in restricted localities. Many others are 
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being tested or have been tested in an experimental way, but as yet 
are not grown as crops. 

From an agricultural point of view, legumes may be classified into 
three groups: (1) Summer annuals, including cowpeas, soy beans, 
peanuts, beans, velvet beans, and in the North common vetch and 
field peas ; (2) winter annuals, comprising crimson clover, bur clover, 
hairy vetch, common vetch, and in mild climates field peas (in parts 
of the South red clover also behaves as a winter annual) ; and 
(3) biennials or perennials, embracing red clover, white clover, alsike 
clover, alfalfa, and sweet clover. 

Each of these crops can be grown advantageously only in a more 
or less definitely limited region. For the particular purpose in view 
it rnrely happens that a choice of two or more equally valuable 
legumes is offered. Usually one is so much superior to any other 
available legume that substitution is practically out of the question. 
In a few cases, however, the use of one legume in place of another 
is practicable. Thus, cowpeas and soy beans are agriculturally much 
alike and are adapted to nearly the same regions. 

In like manner crimson clover, bur clover, and the vetches over a 
large area may be used one in place of another. In some sections 
the culture of red clover is no longer profitable, and alsike clover or 
sweet clover is being substituted. Alsike clover commonly yields less 
but will grow on soils deficient in lime. Sweet clover is even more 
dependent on the presence of lime in the soil than red clover, but 
when lime is supplied it will grow on poorer soil and resist more 
hardship than any similar crop. Being a biennial it can replace red 
clover in a rotation. It is one of the best soil-improving crops known. 
There is also an increasing use of alfalfa in place of red clover, but 
with alfalfa the best practice is to keep the fields in this crop three 
years or longer. 

RED CLOVER. 1 

Bed clover (fig. 8) is a biennial and the standard legume in farm 
rotations in the Northern States. It is commonly seeded with grain, 
cut for hay once and for seed if the conditions are right, and the 
aftermath pastured or turned under for the following crop. A very 
large proportion of the red clover seeded is put in with timothy. 
Mammoth clover, a large-growing form of red clover, is much used 
for soil improvement, as it makes a greater mass of growth than the 
medium red. Eed clover is not infrequently seeded in wheat and 
either that fall or the following spring is turned under as a green 
manure for the next crop. At the Central Experimental Farm of 
Canada it was shown that the winterkilling of red clover did not de- 
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stroy its fertilizing value. AVith the exception of its use as a catch 
crop the entire growth of red clover is probably seldom turned under 
for green man nra, as it is too valuable for forage or for seed. The. 
roots and stubble, however, contnin much more fertilizing matter 
than is the case with most legumes. The roots of ml clover extend 
to n depth of 4 to G feet, but much the largest portion is in the upper 
foot of soil. The. proportion of root to top has been variously esti- 
mated. The Minnesota and Delaware Agricultural Experiment Sta- 
tions found nearly half as many pounds of root as of top; the Wis- 
consin station one-quarter as much; the Central Experimental Fans 
at Ottawa more than two-thirds as much ; while in 1-year-old clover 
in Michigan the weight of roots nearly equaled that of tops. 

The percentage of the total fertilizer ingredients in the crop that is 
found in stubble and roots is nlso lorger in red clover than in any 
other legume except alfalfa, though figures on sweet clover are not 
nvnilablc. The Delaware Agricultural Experiment Station found 
that 30 per cent of the money value of the fertilizers in the crop was 
in the root. Red clover, therefore, is better suited than most legumes 
to a place in the rotation which requires the removal of the. parts 
above ground and the use of the stubble and roots for keeping up the 
subsequent yields. However, it must not be thought that such a sys- 
tem can be continued indefinitely, except possibly on very rich soil. 
It has been found that on many soils turning under roots nnd stubble 
only once in three years is not enough to maintain yields. 

CRIMSON CLOVER.' 

Crimson clover (figs. 7 and 11) is a winter annual and is an im- 
portant crop along the Atlantic coast from New Jersey southward 
and in many parts of the cotton belt. On the Atlantic seaboard nnd 
in portions of the South it is the great winter cover nnd grecn-mannrc 
crop*. While the root system is extensive, it does not compare favor- 
ably in this respect with red clover, the Delaware Agricultural Ex- 
periment Station finding but 10 per cent of the air-dry substance in 
the root, as against 30 per cent for red clover. However, the per- 
centage of nitrogen in the entire plant is higher in crimson clover 
than in red clover. From Delaware to the Gulf of Mexico it is fre- 
quently seeded at the last working of the corn or cotton and turned 
under for the next crop. In the South it is necessary to turn it under 
before it has attained full development if it is to be followed by cot- 
ton, but if corn is to be planted the clover may be allowed U> come 
into bloom, or a seed crop may even be taken and the stubble, and 
straw turned under in time to pla nt late quick-maturing corn. In 

'TrifoHum incarnatutn. Connult Karmenr HullKln 1142. enrttlod " Crowing Crlrooon 
Clover." 
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Delaware, where crimson clover is very largely used as a winter cover 
crop, it is thought that it should be plowed under at the first appear- 
ance of the blossoms, though some prefer to plow even earlier. 

SWEET CLOVER.* 

Sweet clover is a biennial and has but recently come into promi- 
nence as a forage crop and soil builder. In appearance, the plants 
when about half grown resemble alfalfa, though the leaves are larger 
and the plant has a bitter taste. When allowed to mature naturally, 
sweet clover makes a loose bushy plant, 5 feet or more high, with 
small white flowers in slender racemes. An important characteristic 
of this plant is the very large taproot, which is powerful enough to 
penetrate stiff clay soils and in which a great quantity of reserve 
food is stored up during the first season's growth. Yields as high 
as 30 tons of green fodder to the acre have been recorded, but there 
is yet no adequate record of the relation between roots and tops. 
The composition of sweet clover is nearly the same as alfalfa, show- 
ing that turning under a good stand of this crop would furnish a 
large quantity of fertilizer for the succeeding crop. Sweet clover 
is perhaps the most important green-manure crop in parts of Missis- 
sippi and Alabama. It also is used for this purpose in parts of Ken- 
tucky, Illinois, Iowa, eastern Kansas, and western Ohio. 

Sweet clover will thrive on almost any soil provided it has plenty 
of lime. In this respect it has a wider range of usefulness than 
either red clover or alfalfa, doing well on soils too poor to produce 
a crop of either of these two plants. It thrives in all parts of the 
United States. North Dakota is not too cold nor is Alabama too hot, 
and it will get along with less water and more salt in the soil than 
any other cultivated legume. Both hulled and unhulled seed is used, 
and the hulled seed is often scarified. The use of the scarified seed 
is recommended, especially when prompt germination is wanted. 

The seed bed for sweet clover needs to be very firm, and good stands 
have been obtained by seeding on land so hard that the drill would 
barely leave a mark. On land that has never grown sweet clover the 
seed should be inoculated. When grown in the South, soil on which 
bur clover has grown may be used for inoculation, as the same or- 
ganism inhabits the nodules on the roots of sweet clover, alfalfa, and 
bur clover. 

In 1916 an annual variety of Melilotus alba* was introduced to 
the public by Prof. H. D. Hughes, of Ames, Iowa. This variety 
throws rapidly, making a growth variously reported as from 3 to 6 

• Melilotus alba. Consult Farmers - Bulletin 707, entitled " Sweet Clover : Growing tbs 
Crop." 

4 See U. S. Department of Agriculture Circular 169, entitled "Annual White Sweet 
Clover and Strains of the Biennial Form." 
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feet in height during one season. It forms no resting buds, and con- 
sequently does not live over winter. At, present too little is known 
about the crop to permit n positive statement as to its value in the 
rotation. Many people are hopeful and some are enthusiastic regard- 
ing its future, hut no data are at hand covering the various points that 
will affect the usefulness of this variety, except the fact that it makes 
its growth in one season and will under most conditions make more 
growth during the season of seeding than the biennial form. 

The principal American crop rotations are hnilt around biennial 
clover crops. Whether the annual variety will lend itself to good 
rotations remains to be learned. That the annual variety will prove 
useful may be confidently anticipated, but how useful as a green 
manure is a question that can not be answered at present. 

YELLOW ANNUAL MEL1LOT, OR SOUR CLOVER.' 

In the past few years sour clover has become one of tho most ex- 
tensively used green-manure crops in tho citrus and walnut groves 
of southern California. Its extensive use was brought about by the 
experimental demonstration of its high fertilizing value together 
with the fact that tho seed was availahlc at a much lower price than 
the seed of any other legumo that could there be used for green- 
manuring purposes. While the demand for this seed has greatly 
increased it still can be procured at a comparatively low figure. Most 
of the sour-clover seed on the market is obtained as a waste product 
. from the grain fields of California and Arizona, where it occurs as 

a weed. , , , , 

Sour clover is an annual. The requirements for its best develop- 
ment are about the same ns for vetch and field peas, but it will not 
make as much growth during the average winter months in southern 
California as the other crops mentioned. 

In "California tho minimum temperature at which it can make 
growth is higher than for common vetch, purple vetch, field peas, 
and some other plants, and partly for this reason it does not pniduce lis 
heavy a growth for turning down early, by the middle of February 
in southern California for example, ns do these other plants. 

The fertilizing value of sour clover is high, and if n good growth 
for turning under «J the proper time can be had its use is advisable. 

BUR CLOVER.' 

Without doubt one of the most valuable soil-improving crops for 
the cotton belt is bur clover. It is a winter annual but will not endure 
severe cold. In tho Cotton State s its value lies partly in the fact 

'f, r ,» '"an™ ami M. hi'plda r M r.rn,-™- MH-Un «*, 

•' Dur Clover." 
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that it can be handled with a minimum of expense, reseeding itself 
readily and covering the ground during the winter, thus not only en- 
riching the soil at a time when other crops can not be grown, but 
preventing washing and leaehing. When used as a green-inanure 
crop for the benefit of cotton or corn, rows of bur clover may be 
left standing at suitable intervals when plowing for the summer 
crop. The burs ripening on the plants thus left will reseed the field 
for the next winter's stand of bur clover. 

There are two species in common cultivation, the Southern, or 
spotted, and the California, or toothed. Of these the Southern 
species seems best suited to the cotton belt, as it is a stronger grower 
and more resistant to cold. The seed of the Southern bur clover is 
commonly sold in the hull, and since particles of soil usually adhere 
to this, there is no need to inoculate. The California seed is hulled 
and does not carry inoculating germs. 

ALFALFA.' 

Alfalfa is grown as a cover and green-manure crop, particularly 
in the apple orchards of parts of Washington and Oregon and in the 
orange groves of the Salt River Valley of Arizona and to some ex- 
tent in the irrigated apple orchards of Utah and Colorado. The use 
of this crop in orchards has become common only within the past 
few years, though it has been used by a few citrus growers in Ari- 
zona for about 20 years. In the Wenatchee, Wash., district about 75 
per cent of the orchard area was planted to alfalfa in 1919. 

The method of handling alfalfa in orchards is quite variable, 
though in all cases it is desirable to turn as much of the erop back into 
the soil as possible. In the Salt River Valley of Arizona good results 
have been obtained from orange groves in which the alfalfa was al- 
lowed to stand throughout the year, uncut and uncultivated. Cutting 
the crop at intervals and allowing it to lie without further attention 
also has proved satisfactory; also disking the crop into the soil. In 
Washington the crop is perhaps more often cut and disked into the 
soil, though removing the cut crop as hay is not uncommon. This 
latter practice, however, is not advised except when the need for 
immediate cash returns makes it necessary. 

Alfalfa can be used successfully in orchards only when an adequate 
water supply is available. While it may save some water by prevent- 
ing run-off and evaporation, it also uses a large quantity in its 
growth. Where an abundance of water is not available the alfalfa 
may use so much as to deprive the trees of what they need. 
Orchardists must also bear in mind that if a hay crop is taken the 

• Medicago satira. Consult Farmers' Bulletin 330, entitled " Alfalfa,'' 
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haying and spraying operations .should be bo managed as not to inter- 
fere with one another. 

Alfalfa can not be used with equally good success in all orchard 
areas. Soils that are heavy usually require thorough cultivation and 
are not suited to a permanent crop. It is perhaps also true that, a 
permanent cover crop can be used to much better advantage in regions 
having intense summer heat, though the exact relation of soil tem- 
peratures to crop production in this connection never has been defi- 
nitely determined. 

VETCHES." • 

Two vetches in particular are cultivated in the United States, the 
common vetch, 8 or tares, and the hairy, or Hussion, 10 vetch. The 
former is much used as a winter crop for hay and seed in western 
Oregon and Washington, being commonly sown alone or with oats or 
wheat. It is also extensively grown in the citrus orchards of Cali- 
fornia as a winter green-manure crop. In the Northern States it 
winterkills. 

Hairy vetch is in a general way like common vetch, but decidedly 
more resistant to cold. It will ordinarily survive the winter in most 
parts of the United States and in Canada. In fact, it is more resis- 
• tant to cold than any other annual legume grown. On this account it , 
is particularly valuable in the North. Where the winter tempera- 
ture is not cool enough to prevent growing, as in California, it has 
been found that hairy vetch grows much more slowly in cool weather 
than the common vetch, and the latter is therefore preferred. Hairy 
vetch, however, grows very rapidly as the weather becomes warm. 

Hairy vetch is especially used in Michigan both as an orchard 
cover crop and for the improvement of sandy land. It has been 
found more successful on the light lands of western Michigan than 
any other legume that can he seeded in late summer. 

Purple vetch " is a new and very promising crop for green manure. 
It is especially adapted for use in the citrus orchards of the south- 
western United States. Under mild winter conditions, such as pre- 
vail in that region, it makes more winter growth than either common 
or hairy vetch. It is less winter hardy than common vetch and can 
not be grown successfully as a winter annual in regions where the 
winter temperature falls much lower than 15° F. above zero. 

Hairy vetch is objectionable where small grains are used in rota- 
tion, as it becomes somewhat weedy in grain fields. Common vetch 
volunteers to some extent. Except for this, vetches arc very valuable 
crops and deserve much more extensive cultivation. 

"Consult Farmcri.' IWIotln 51.',, entitled " Vctcho." *»h>H, 
'VMa natlca. v,vUl " 
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THE COWPEA." 

In the South the cowpen (see title-page) is used more than any 
other crop as a soil enricher. It is characterized by remarkable 
ability to grow in poor soils and to cover the ground so densely ns 
to choke out most weeds. It usually bears on its roots an abundance 
of nodules, whether the soil has been inoculated or not, although in 
localities where the cowpea has not been grown previously the 
nodules may be absent. In such eases inoculation becomes necessary, 
for it is through the nodules on the roots that the beneficial effects 
of the cowpea are produced. 




Kia. 14. — Soy beans in cultivated rows, showing the upright habit of the plants 



Cowpeas are commonly planted between rows of corn at the time 
of the last cultivation, or they are broadcasted upon the stubble of 
small grains and disked in. Cowpeas, however, like other crops, 
respond markedly to cultivation, and there is a growing tendency 
to plant them upon well-prepared soil. This practice results in a 
great increase of the crop, whether grown for hay or for seed. 

More numerous experiments have been conducted in this country 
to determine the effects of cowpeas used as a green manure than 
have been devoted to all other leguminous crops combined. Almost 
without exception these experiments have indicated a very bene- 
ficial effect upon subsequent crops. The benefit often lasts two 
or three years. These good results appear with practically all 

12 Vigna sinensis. Consult Farmers' Bulletins 1148 and 1153, entitled, respectively. 
" Cowpeas : Culture and Varieties " and " Cowpeas : Utilization." 
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crops — cotton, corn, sorghum, or smnll grains. Except on the poor- 
est soils, careful experiments show that it is decidedly more profit- 
iiblc to use the eowpen crop sis hay or pasture and then plow under 
the stubble than it is to plow under the whole crop. Although 
plowing under the whole crop produces, as a rule, a greater effect, 
it is not enough greater to equal the value of the crop as feed. 

SOY BEANS." 

• Soy beans arc adapted to u much wider range of climate than 
eowpcas, being grown successfully even in Ontario and Wisconsin. 
As a forage crop, soy beans have some point* of superiority over 
eowpcas, the hay being rich in protein and somewhat easier to cure. 
The seed is cheaper than that of eowpcas, usually costing only two- 
thirds as much, principally because of the fact that the seed can be 
harvested by machinery. It also has the advantage that the seeds 
arc but little nffected by weevils and that the plant is not subject 
to wilt. On these accounts soy beans arc preferred by an increasing 
number of farmers in the South. Soy beans, however, are not able 
to compete with weeds ns successfully as eowpcas, and on this account 
the best results arc obtained by planting in rows so that they may lie 
cultivated (fig. 14). Considerable difficulty is experienced at first in 
obtaining nodules on the roots of soy beans, but when once these have 
appeared there is no further trouble with that particular piece of 
ground. Apparently, soy beans have a greater power than eowpcas 
to absorb atmospheric nitrogen through their roots (see fig. 1). 

VELVET BEAN." 

The velvet bean is somewhat objectionable for green manuring 
on account of the very viny habit of the plant, which renders it diffi- 
cult to plow under (fig. 15) . In orchards velvet beans have been found 
undesirable on account of their tendency to climb the trees, but the 
new bush velvet bean overcomes this objection. At the Arkansas 
Agricultural Experiment Station velvet beans gave better results on 
a subsequent crop of cotton than either soy beans or cowpeas. With 
wheat, velvet-bean stubble gave better results than cither cowpca 
stubble or soy-bean stubble, though the difference was very slight. It 
is noteworthy also that vclvct-bcan stubble gnvc much better results 
on the succeeding crop of wheat thun where the whole crop of velvet- 
bean vines was plowed under, and the same was true in regard 
to both cowpeas and soy beans. In all enses, however, there was a 
marked increase of crop, due to the influence of legumes. Velvet 



So/o max. Consult Kurtnor*' Bulletin 973. «t**ri " The Soy Bran : It- Culture nn.l 
l '»fi«.-o(obi«m „crHn 0 i„«um. Con.ult Karm^r.- ISulMln 002, nn.ltl-,1 " \>Iv,t UmM." 
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beans can not be grown so far North as cowpeas, and not nearly so 
far as soy beans. 

MISCELLANEOUS LEGUMES. 

Of less importance than the crops described but yet of considerable 
use under special conditions is the field pea. 15 This pea was once 
considerably used in California as a winter green-manure crop in 
orchards, but it has lately been replaced by other crops. At present, 
peas are used as a green-manure crop in the orchards about San- 
Antonio, Tex. 

The Tangier pea, 10 a native of North Africa, resembles in a gen- 
eral way the garden sweet pea. It has given the largest yields of 




Fig. 15. — A crop of velvet beans 3 mouths old, showing a great mass of material for 

soil building. 



green matter to the acre of any annual legume grown in California. 
The dense growth chokes out weeds completely. It is a good green- 
manure crop, but the seed has been hard to get. There is hope that 
this difficulty may be overcome. 

The upright-growing horse bean produces 17 a great deal of green 
matter in some sections, but it is not generally equal to vetch. 
Lupines and yellow trefoil are used very much in Europe but not in 
America. Fenugreek has done well in California, especially in sec- 
tions near the coast. Wild hemp 18 is used to a small extent as a 



15 Pl*«m sativum. 

™ Lalliyrils tinyitanns. 



17 Vicia faba. 

1S Srsbania macTitvarpii. 
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K nm manure on irrigated lands in Arizona and southern California; 
The parWridge pea " grows wild on s:.ndy haul in th« .-Urn \ "'Unl 
States and has been used for soil improvement m Maryland. Its 
use is at present spreading in parts of southeastern New Jersey. 

NONLEGUMINOUS GREEN-MANURE CROPS. 

CRUCIFERS. 

Cruciferous plants (of the mustard family) arc seldom grows in 
the United States for grew) immure, though rape is not uncommonly 
used for ho* and sheep pasture. In England, however, both rape 
and white mustard « are frequently used for Uum«g under, and 
under certain circumstances give hotter results than a 
crop. Reports for a number of years from the Unburn _ Nation 
showed that yields of wheat were better after green manurmg with 

pe and mustard than after vetches. The soil of the void, plats 
however, contained more moisture, organic matter, and n.trogen than 
Z soil on the rape and mustard plats. In Germany also mustard 
has been very successfully used as a grmi manure. 

The use of rape and of cowhorn turnips for orchard cover c op 
ha eu strongly recommended by some New York and New England 

u horities. It is possible that on some soils m tins country the 
"edi^ of rape or 'turnips on groin stubble to be grazed or turned 
under for winter grain may prove advantageous. 

GRASSES AND OTHER CROPS. 

Aside from the turning under of sod, the only grass or grain crops 
that are used as green manure are small gram*, such as rye. wheat, 
barley, oats, and millet. Of course, any young gram or grass crop 
con be turned under if circumstances warranted bu as a matte 
of fact rye and sometimes in the East wheat and barley are about 
the onlv grain crops that are used in tins way. 

Rvc is perhaps more commonly used than any other grass or gram 
as a winter cover and green-manure crop. It is adapted to fa Uow- 
in, over a wide extent of territory, is extremely hardy, and w, 1 m«kt 
1 heavy growth early enough in spring to he turned under for an 
* rin 'crop Rve will not add nitrogen to the so.l except as the do- 
cay n- organic matter may furnish carbon as food for the organtsms 
which fix atmospheric nitrogen. It will, however furmsh la gc 
(Tnantities of organic matter, absorb a portion of the sod n.t rates, 
and lend to present the loss of nitrogen by leaching during w.ntcr. 

„ CaJ ,, fa cha „accrMa. » /?ra.«tm 

" nnimica napvn. 
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In a G-year test on the availability of different forms of phosphorus 
the Maryland Agricultural Experiment Station recorded better 
results from plats on which iye had been used as green manure than 
on those on which crimson clover had been grown. The prevailing 
experience has been, however, that where a legume can be grown 
the results are better than those secured from turning under rye. 

Millet is used only as a summer catch crop -and is rarely turned 
under. So far as recorded evidence goes it is not desirable as a 
green-manure crop. 

BUCKWHEAT. 

Buckwheat is often grown on poor soil in the North and turned 
under. It will make some growth on very poor soils, on which clovers 
would not thrive at all. Buckwheat ranks high in the quantity of 
fertilizer constituents per 1,000 pounds of green matter, outranking in 
this respect even alfalfa and clover; but, of course, all the nitrogen 
in the buckwheat is taken from the stores in the soil, and by turning 
the crop under the soil becomes richer only in organic matter and in 
the greater availability of the mineral fertilizers. Buckwheat has 
long been noted for the excellent effect it has on the texture of the 
soil. A mixture of buckwheat and peas is said to make a good 
orchard cover crop in New York. The heavy growth is rolled flat 
at apple-picking time and makes a desirable floor cover. In the 
peach orchards of Michigan, on sandy soil, bad results are reported 
to have followed the use of buckwheat, the leaves of the peach trees 
turning yellow or reddish yellow and curling. How far this re- 
sult may be expected on other types of soil is not known, but 
buckwheat as a cover for peach orchards should be used with 
caution. 

WEEDS. 

The so-called "Mexican clover" 22 is not a clover and does not 
belong to the legume family but to the madder family, to which coffee 
belongs. It has been introduced into the Gulf coast section from Cen- 
tral America and grows spontaneously as a weed. On sandy land 
it is used as a green manure and serves the purpose of supplying 
organic matter, but without directly making the soil richer in 
nitrogen. 

Other weeds also often serve as green-manure plants and are some- 
times encouraged to grow for that purpose. -Many prominent or- 
chardists do not sow a green-manure crop but allow the weeds to grow 
in late summer and believe that a heavy crop of weeds makes an 
effective cover crop. In this case the weeds hardly serve as green 



" RieKardsonia ecabra. 
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manure, however, since they do not survive the wi^r, £l rtjl MjjA 
dried nnrts as remain in the spring are turned under In C ahfornn 
urieu «• .... .jfii.mT or "filaree.' bur clover, nnd 
various weeds, including: alfilami, or mine, i 

various annual grasses, are regularly counted on ,n the 

and San Joaquin Valleys to nmke volunteer green-manure crop, m 

*2f f ™S££L. tobacco section the growth of chickwecd" is 
encouraged in order that it may be turned under for preen - nure 
T^d being w.ll fertilised for the tobacco en,,,, * ^ 
raik „ n lieav ; growth in the fall. The lower portions of the plants 
r t n v and the crop is allowed to seed before the land » 
plow d or tobacco the next season. In part, of centra 'lenne.ssee 
It fanners encourage the growth of razeed and smartweed 
,nd turn the stand under after the plants have produced seed. It 
s k s ble that a better practice might bo followed, but tb. mid- 

.r;:; drought in is ^^^x 

seeding of any crop after wheat harvest. '1 he weeds m th.s case do 
help somewhat i n adding organic matter to the noil- 

" •« EtcUaria media. 

"Eroiium sp. 
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